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Although filter theory is apt to be appreciated 
by the advanced amateur, the average ham 
prefers to avoid the subject because of the 
mathematics involved, If you would like to build 
a high-pass filter for your TV set to preserve 


peace in the family or to assist a neighbor in 
obtaining adequate low-frequency rejection in 
his receiver, this is the dope. you have been 
waiting for. Easy-to-build filters are fully de- 
scribed, 


HE causes of interference to television re- 

ception encountered when an amateur sta- 
tion is transmitting can be divided into three 
classifications: harmonic radiation from the 
transmitter, generation and radiation of har- 
monics by external non-linear devices** ex- 
cited by the amateur signal, and incomplete 
rejection of the amateur fundamental signal 
by the television receiver. If an amateur 
transmitter has been TVI-proofed, and if the 
external producers of detrimental harmonic 
radiation have been eliminated, then most of 
the remaining interference difficulties can be 
attributed to inadequate receiver rejection. 

Television receivers vary in ability to re- 
ject low-frequency signals. Some have a tuned 
rf stage and a built-in, high-pass filter. In 
many installations, in the vicinity of am- 
ateurs, these require no additional filtering. 
Some receivers have only a choke input to the 
rf tube, and no provision for the rejection 
of strong signals. 

If a television receiver does not reject 
amateur signals from the 80- and 160-meter 
amateur bands, interference may be produced 
*RCA Tube Dept., Harrison, N. J. 

**Rectifiers, either oxide or thermionic, connected to 
electrical conductors. Also pipe junctions, air-duct 


and drain-pipe joints, telephone buttons, corroded 
ground clamps, radio receivers, etc. 


Fig. |. A two-section, series-derived filter which can be 
connected to the antenna terminals on the TY receiver. 


in the video amplifier. Signals from the 10- 
and 11-meter bands can produce interference 
in the if amplifier, and strong signals from 
practically all amateur bands can produce 
interference in the “front end” of the televi- 
sion receiver. Most of the difficulties arise in 
the front end, and the major phenomena 
involved are blocking, rectification, and 
heterodyning. 

Blocking occurs when a strong extraneous 
signal reduces the gain of the receiver by 
taking over the avc action or by driving the 
control grid of an amplifier tube to a posi- 
tive potential, thereby producing grid cur- 
rent which biases the stage to a potential at 
which no amplification can take place. 

Rectification occurs in the grid-cathode cir- 
cuit of an rf amplifier when an extraneous 
signal swings the grid beyond the linear por- 
tion of the tube’s characteristic curve. Har- 
monics are then produced by this action, and 
they are exact multiples of the frequency of 
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the extraneous signal. When one of these 
harmonics falls in a television channel, a 
cross-hatched picture may be produced 

Heterodyning occurs when an amateur sig- 
nal and a second extraneous signal enter the 
receiver. For instance, a 14-Mc amateur signal 
can heterodyne the channel-2 picture carrier 
at 55.25 Mc into the middle of channel 4 at 
69.25 Mc so that a “lacy” mixture of the two 
pictures is in evidence on channel 4. 

The effects of heterodyning, rectification, 
if interference, etc., may be encountered indi- 
vidually or in combinations, but all are evi- 
dence that the TV receiver has inadequate 
low-frequency rejection. Devices to improve 
rejection may be installed at the antenna 
terminals of the television receiver, and one 
of the simplest of these devices is a pair of 
tuned traps. 

Traps are effective only if the amateur 
transmitter is operated in a relatively narrow 
range of frequencies within one amateur 
band. When the amateur transmitter is op- 
erated over a considerable range of frequen- 
cies, several pairs of traps can be installed, 
but problems of matching the television an- 
tenna to the receiver are encountered. It is 
sometimes difficult to get multiple traps to 
work without causing signal attenuation in 
several television channels. 

Because very few amateurs operate by pre- 
ference on only one frequency, and because 
all amateurs are licensed to operate in a 
number of bands, six of which occur between 
the frequencies 1.75 and 30 Mc, tuned traps 
are usually inadequate, and a more efficient 
device, the high-pass filter, is required for the 
protection of a receiver located in the vicinity 
of an amateur transmitter. 


Filter Requirements 


A high-pass filter for a television receiver 
has two primary requirements. First, it 
should reject all signals below the lowest 
local television frequency. Second, it should 
function, at television frequencies, as a trans- 
mission line having a characteristic resistance 
equal to that of the television antenna feeder. 
A theoretically perfect high-pass filter would 
be capable of fulfilling these requirements; 
however, in actual practice, compromises must 
be made in “rejectability” to permit reason- 
able performance in the TV pass-bands. 

For instance, if an attempt were made to 
design a high-pass filter that would reject 
all signals below 54 Mc and pass all signals 
above 55 Mc, the Q of the circuits required 
would be so high that it would be impossible 
to construct the device from available com- 


ponents. Even with the best coils and capac- 
itors, the nearest peak-attenuation frequency 
can be set no nearer than five per cent of the 
cutoff frequency. Spurious responses that oc- 
cur in the vicinity of the cutoff frequency of 
such a filter would also cause difficulties 
between 50 and 60 Mc. Therefore, rejection 
of signals from the 6-meter amateur band, 
especially in a location where channel 2 is 
assigned, is impractical with a high-pass fil- 
ter. If a 6-meter signal is to be rejected, the 
installation of a separate set of tuned traps 
is the easiest solution to the problem. 

For rejecting signals from all of the ama- 
teur bands below 30 Mc, however, a high- 
pass filter is the most practical device that 
can be installed. With a 25-Mc separation 
between the television portions of the spect- 
rum and the 10-meter amateur band, there 
is plenty of room to juggle cutoff frequencies 
and peak-attenuation frequencies so that op- 
timum conditions can be met for rejecting 
unwanted signals and accepting all television 
signals from channel 2 through channel 13. 


C3 C5 


oa 


Fig 2. Two-section, series-derived, high-pass filter for a 
300-ohm line (Cutoff: approx. 36 Mc). 


Ci, C2 15uuf, mica capacitor, + 10% tolerance. 


C3, C4, Cs, Ce 20uuf, mica capacitor + 10% tolerance. 

Li, Le 2.0uh, 24 turns of #28 DCC wire, coil length 54” 
on '/,” diam. form. Correct inductance* can be obtained by 
adjusting the turns to resonate with the associated 
15-uuf capacitor at 29Mc, before setting turns with 
wax or coil dope. 


Ls; 0.66 wh, 13 turns of #28 DCC wire, coil length %%” 


on a '/,” diam. form, center tapped. Correct inductance* 
can be obtained by adjusting turns to resonate at 19.8 
Mc with an auxiliary 100-uuf capacitor. 


*Note: If measuring equipment or a 8rid-dip meter 


is available, inductances and resonant sections can be 
adjusted close to specified values. If measuring equip- 
ment is not available, however, the coil specifications 
should be followed closely and a reasonably good fil- 
ter can be built. 


Constructional Details 


The circuit and constructional data are 
given in Fig. 2 for a simple two section, 
high-pass filter that will work well on most 
television receivers that are 150 feet or more 
from an amateur transmitter. For receivers 
that are closer than 150 feet, or that require 
more than average filtering, a more elaborate 
filter may be required. A four-section, high- 
pass filter that has worked successfully in a 
number of difficult situations is shown in 
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Ci, C2, Cz, Cs S5Ouuf, Cornell-Dubilier Type 5W capacitors, 
+ 5% tolerance. 


C3, Ca 20uuf, Cornell-Dubilier Type 5W capacitors, + 10% 
tolerance. 


Cs, Ce, Co, Cio 15uuf, Cornell-Dubilier Type 5W capacitors, 
+ 10% tolerance. 


Li, Le, L7, Ls 0.62 wh, 10 turns, close spaced, of #28 DCC 
wire, wound on the associated 50-uuf capacitor. (Type 
5W cases are approx. 3/16”’x7/16”x11/16".) The reso- 
oe frequency of each of these four LC units should be 

ec; 


L3,ls 1.6 uh, 19 turns of 428 DCC wire on the associ- 
ated 20-uuf capacitor. Adjust resonant frequency* to 
27 Mc. 


Ls5,l6 8.0 wh, 23 turns of 428 DCC wire on a 34” diam. 
form. Adjust the resonant frequency of each coil with its 
associated 15-yuuf shunt capacitor to 14.2 Mc*. 


La 1.05 wh, 16 turns #28 DCC wire, coil length '4” on 
a '4,” diam. form. Correct inductance* may be obtained 
by adjusting turns to resonate at 15.6 Mc with an auxil- 
iary 100-nuf capacitor. 


Fie. eigiguibe specification requirements, see note under 
l 
Fig. 3. Either of these filters can-be built to 
exact specification with tools and equipment 
that are at the amateur’s disposal. Reason- 
ably good results may be obtained even if 
each resonant circuit is mot set to the de- 
sign frequency, providing the coils are 
wound as specified. The filters shown are 
good, practical devices and a “cook-book”’ 
method of constructing them may be all that 
is required to eliminate specific interference 
conditions. The two-section filter is shown in 
Fig. 1, and the four-section filter is shown 
in Fig. 4. Note how the components are ar- 
ranged to minimize coupling between coils. 
In order to understand the operation of 
these filters and the simplified design in- 
formation on the construction of high-pass 
filters capable of satisfying any requirement, 
a review of the basic principles of high-pass 
filter design is of considerable value. 


Design Considerations 
The following principles are involved in 
the selection of design parameters for high- 
pass filters: 


Fig. 4 On the left is shown a three-section, shunt- derived filter. 
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Fig. 3. Four-section, shunt-derived, high-pass filter for a 
300-ohm line (Cutoff: 36.25 Mc). 


Lp 0.79 wh, 13 turns of #28 DCC wire, coil length 54” 


on a '4,” diam. form. Adjust resonant frequency, using 
an auxiliary 100-uuf capacitor, to 18.3 Mc*. 


Le 0.67uh, 12 turns #28 DCC, coil length '” on !4,” 
diam. form. Adjust resonant frequency, using auxiliary 
100-uuf capacitor, to 19.2 Mc* 


Lp 0.86uh, 16 turns #28 DCC, colt length 34” on a |i,” 
diam. form. Adjust resonant trequency, using a 100-yyf 
auxiliary capacitor, to 17.1 Mc*. 


1. The cutoff frequency of the filter should 
be as far as is practical from the pass-band 
frequencies. 

2.The end sections of the filter should 
match the line. This match is obtained by 
utilizing the characteristic resistence of the 
line in the calculations, and by assuming a 
peak-attenuation frequency of 80 per cent of 
the design cutoff frequency. 

3. The design cutoff frequency, once se- 
lected, should be used in the calculations for 
all sections of the filter. 

4. The peak-attenuation frequencies of the 
intermediate sections should be selected to 
produce the greatest rejection for particular 
signals causing the most interference. 

With these four principles in mind, let us 
select the design parameters. The cutoff fre- 
quency (f.,) will fall between 30 and 55 
Mc, preferably nearer 30 than 55. The center 
of amateur activity in the 30-Mc region is 
29 Mc; consequently the maximum attenua- 
tion of the end sections is set most advan- 
tageously at 29 Mc. If the peak-attenuation 
frequency, 29 Mc, is to be 80 per cent of the 


eo lia 
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The ceramic trimmers permit adjustment of the 27-Mc 


intermediate section after the filter has been installed in the TV set. The filter on the right is also a shunt-derived 
type, except that it has four sections. (Note that some of the coils are wound directiy on the mica capacitors). 
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cutoff frequency, then f,.,, should be 36.25 
Mc. Because most television sets use 300-ohm 
Twin Lead for antenna feeders, 300 ohms 
will be used for “R” in the sample calcula- 
tions that follow. 


Intermediate Sections 


The intermediate sections can provide ad- 
ditional attenuation for 10- or 11-meter sig- 
nals, and they can also be designed to reject 
signals from the lower frequency amateur 
bands. With one intermediate section set for 
27 Mc, one for 14.2 Mc, and a third section 
designed to build up good rejection charac- 
teristics in the 1.75, 3.5, and 7 Mc bands, 
protection against signals from the most pop- 
ulous amateur bands can be obtained. The 
third intermediate section, the one that re- 
jects the low-frequency amateur signals, is 
designed by utilizing “O Mc” as the peak- 


attenuation frequency in the calculations. 
The design parameters for the filter now 
can be listed in a table to assist in visualizing 
the arrangement. As a matter of fact, all of 
the important factors involved in the design 
of each section can be listed in tabular form. 


The first three lines of Table I show the. 


items discussed thus far. These basic items 
must be used to determine the factors m and 
K which match the filter sections to each 
other and to the line. 


Matching Factors 


First of all, m is determined by the rela- 
tion: 


To save time, a curve (Fig. 5) has been 


Table | — Filter Design Factors 


End 


Sections Intermediate Sections Units 

Cutoff Freq. (f..) 36.25 36.25 36.25 36.25 Mc 
Peak-Attenuation Freq. (f,) 29 27 0 14.2 Mc 
Characteristic Res.(R) 300 300 300 300 ohms 
f,/feo = 0.745 0 0.392 = 
m (from Fig. 5) — 0.67 1 0.92 — 
K (from Fig. 6) — 0.205 0 0.041 a 
C, Shunt-derived filter, Fig. 8 48.8 22 14.7 15.9 ppt 
| a gs - am BY G2 1.6 open circuit 8.0 uh 
L, sad ag fd ie oe 2.2 2.0 1.3 1.4 ph 
C, Series-derived filter, Fig. 7 13.7 34.8 short circuit 176 ppt 
C, 9 ” ” ” 9 48.8 43.8 29.3 31.8 ppt 
L; 99 ” > 99 9 2.2 1.0 0.66 0.72 ph 
Bh a wa a a ee 

0.9 

E 
" fs 
0.3 0.4 0.5 0.6 : 0.7 0.8 0.9 
feo 


Fig. 5. The matching factor ''m"' for a high-pass filter section is obtained as follows: Divide the 
peak-attenuation frequency, fp, of the section by the cutoff frequency, feo. This quotient is then 


utilized to locate the value of ''m'’ on this curve. 
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plotted which performs this operation. Sim- 
ply read “m” opposite the value of f,/f.. 
on the curve. 
After “m” has been found, “K” can be 
calculated from: 
1—m?, 
4m 


Time can also be saved by taking the value 
of ‘“m” previously determined, and using 
Fig. 6 to determine K. 

When the matching factors, m and K, 
have been determined, all the items that are 
necessary for calculating inductance and ca- 
pacitance values for any filter section are 
available. All that remains to be done is to 
take the numerical values of the items deter- 
mined above, insert them in the appropriate 
formulas (given in Figs. 7 and 8), and per- 
form operations of simple multiplication and 
division. The results will be values of capa- 
citance and inductance for all components 
in each filter section. 


Formulas for High-Pass Filters 

The formulas used in these computations 
have been simplified from the equations in 
T.E. Shea’s text book, “Transmission Net- 
works and Wave Filters.” All of the ele- 
ments of the original equations have been 
retained in the simplified formulas presented 
here, so that a correct match to the television 
set, to the TV feeder, and between filter 
sections is maintained. | 

The circuits and the formulas for design- 
ing series-derived, m-type filters are given in 
Fig. 7, and the formulas for shunt-derived, 
m-type filters are given in Fig. 8. A high-pass 


0.4 
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filter composed of series-derived sections re- 
quires fewer coils than a comparable filter 
composed of shunt-derived sections. To avoid 
complications, do not use both shunt-derived 
and series-derived sections in the same filter. 

The amount of filtering required in a 
given installation determines the type of filter 
to be used and also the number of sections 
required. In outlying districts, a more effec- 
tive high-pass filter may be required than 
would be needed for receivers nearer the TV 
station. Generally, receivers that are 150 feet 
or more away from the amateur transmitter 
can obtain sufficient rejection from a series-de- 
rived, two-section filter. For distances between 
100 and 150 feet, two to four sections (series- 
derived) may be required. From experience 
with high-pass filters, at distances of less 
than 100 feet and with a transmitter running 
at 300-watts input, it has been found that 
three- or four-section shuni-der‘ved filters are 
the most successful. 

Perhaps, with shielding between sections 
and with the entire filter shielded, fewer sec- 
tions would be required in the more elabo- 
rate units; however, it requires less time to 
build unshielded multiple-section filters than 
it does to build simple filters with shielding. 

Component values for the two types of 
filters are listed in Table I. These values 
have been determined from the design for- 
mulas given in Figs. 7 and 8. Filters com- 
posed of one, two, or several sections can 
be designed from the data in Table I, and, 
in most cases, the only work required to de- 
sign a good high-pass filter will be the selec- 
tion of the appropriate component values 
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Fig. 6. After ''m'' is determined for a specific filter section, the corresponding value of '‘'K"' is 


obtained from this curve. 
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~ INTERMEDIATE SECTIONS 


Fig. 7. Circuits and design formulas for series-derived, m- 
type, high-pass filters. The end sections shown are actually 
half-sections. They match the line of characteristic resist- 
ance, ''R'', and have maximum attenuation at 80% of the 
cutoff frequency, feo. The intermediate sections require 
factors ''m'' and ''K"' from Figs. 5 and 6. Units are: C, in 


from the table. The set of sample calcula- 
tions which follows may serve as a guide 
since occasionally a filter may be required for 
a television receiver operating from a 72- 


INSERT 


' 
1 
1 i 
i i 
! | 
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END | INTERMEDIATE | Cee 
SECTION | SECTIONS |! 
HERE ' SECTION 
1 
i 
1 
i 1 
' | 
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0.53 s 
C= L)=2:075R |, - 0.265R 
feoR feo foo 
Ccyj= —0.16_ 
mfegR 
L, = 0:04R 
Lo = 2:16R 
mfco 


INTERMEDIATE SECTIONS 


farads; t, in henries; frequency, in cps; and R, in ohms. 
Fig. 8. Circuits and design formulas for shunt-derived, m- 
type, high-pass filters. The units and constants are describ- 
ed in the caption for Fig. 7. Shunt-derived filters have 
proved effective on TY receivers using 300-ohm feeders. 
ohm coax, or perhaps a cutoff frequency 
other than 36.25 Mc may be desired. In such 
cases, the new values of R and f,, should 
be used with the proper formulas. 


Sample Calculations 
The following calculations are for a 300-ohm filter composed of shunt-derived, m-type sections: 


End Sections (see Fig. 8) 
R= 300, f.,= 36.25 Mc 
0.53 0.53 
~ £..R 36.25 (10) (300) 
= 48.8 x 10-'!?= 48.8 put 
0.075 R_ 0.075(300) 
ee 
fi 36.25 (10°) 
= 0.62 x 10-°= 0.62 ph 
0.265 R _ 0.265 (300) 
£5 36.25 (108) 
=2.2x 10*=2.2 ph 


1 


Intermediate Section (Fig. 8) 
R= 300, f.,= 36.25 Mc, f, = 27 Mc, where 


f, 27 


f., 36.25 
Since m=0.67, K=0.205 from Fig. 6. 


= 0.745, m=0.67 from Fig. 5. 


0.16 0.16 


C, = —— = —————-_—— 
mf... R  0.67(36.25 ) (10°) (300) 
=22x 10-2 =22 put 


0.04R —-0.04(300) 
KE. 0.21 (36.25) (108) 


= 1.57 x 10° =1.6 ph 


: 0.16R ——_ 0.16(300) 
mf. 0.67 (36.25 ) (108) 
== 1.98 x 10-°°=2.0 wh 


Intermediate Section (Fig. 8) 
R= 300, f., = 36.25 Mc, f, = 0 Mc*, where 
f.; 0 
———=0, m=1, and K=0 
f.. 36.25 
0.16 0.16 
'~ mf. R  1(36.25) (10%) (300) 


—= 14.7 x 10°71? = 14.7 ppt 


C 


0.04R 0.04R 
"KE, Of 
.. L, is equivalent to an open circuit. 
0.16R 0.16( 300) 


2 


mf. 1(36.25) (10%) 
= 1.32 x 10-°= 1.3 ph 


*This section builds up the attenuation capabilities of 
the filter at low frequencies. It aids in the rejection 
of the 1.75, 3.5 and 7-Mc amateur bands, 

An intermediate section for f,=14.2 Mc 
could be calculated in the same manner as 
for the 27-Mc section. Other sections could 
be used instead of those for 14 and 27 Mc 
if the interfering signal occurs at some other 
frequency. 
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Cy, Ca, C7, Cg 50-uyf, Cornell-Dubilier Type 5W capacitors; +5% 
tolerance. 


C5s,Ce 15 uuf, Cornell-Dubilier Type 5W capacitors, +10% tolerance. 
C3, Cs, 4-30 wuf, variable ceramic capacitor, Erie TS2A-N500. 
Ly, Le, L7, Lg 0.62 wh, 10 turns #28 DCC wire close spaced, wound on 


the associated 50-yuf capacitor. Adjust inductance to produce a reso- 
nant frequency of 29? Mc* for each LC unit. 

Ls, Le 8.0 wh, 40 turns of #34 enamel wire close wound on associated 
15-yuf capacitor. Adjust inductance to produce a resonant frequency 
of 14.2 Mc*, 

Ls, Ly 1.6 wh, 17 turns of #28 DCC wire, coil length 34” on '4” diam. 
form. When the 4-30 uwuf shunt capacitor is set at maximum capaci- 
tance, the resonant frequency of the combination should be 23 Mc. 
La 1.05 wh, 16 turns #28 DCC, coil length '2” on '4” diam. form. Cor- 
rect inductance* may be obtained by adjusting turns to resonate at 
15.6 Mc using an auxiliary 100-wuf capacitor. 

Lp 0.83 wh, 17 turns #28 DCC, coil length 7%” on 14” diam. form. Cor- 
rect inductance* may be obtained by adjusting turns to resonate at 


Fig. 
shunt-derived filter for 
The usable tuning 


10 Circuit diagram of a three-section, 
300-ohm TV feeder. 
range of the adjustable 
section is 25 to 30 Mc. 


17.4 Mc using an auxiliary 100-uuf capacitor. 


Lo 0.86uh, 16 turns #28 DCC, coil length 34” on 14” diam. form. Adjust to resonate at 17.1 Mc. using an auxiliary 


100-uuf capacitor. 


*For resonace specification requirements, see note under Fig. 2. 


When the values for all of the components Coil D: l l 1 14+ 2.2 
in the filters have been determined, the cir-— Wane ates (1.4) (2.2) 
cuit may be diagrammed as shown in Fig. 9. 7 : 
The filter could actually be wired as indi- .. Ly = 0.86 ph 
cated, but the circuit can be simplified by Mechanical Considerations 
combining the inductance values which are The: final create: for ane: foursecuea: 


in parallel. The basic operation is the same 

as that for detefmining the combined value 

of resistors in parallel. The combined value 

of inductances L, and L, in parallel is equal to 
] 1 


| ae L, Leas 
The four pairs of adjacent inductors in 


Fig. 9 are combined to complete the sample 
calculations: . 


shunt-derived filter is the one shown in Fig. 
3. The four section-coupling coils calculated 
above were made by winding No. 28 DCC 
wire on 14-inch bakelite rods. The other 
coils were made by winding insulated wire 
around the capacitors as shown in the photo- 
graph of the completed filter. A higher Q is 
obtainable, however, if the coils are wound 
separately. As many of the coils as possible 
should be mounted at right angles to each 


CoilA: 1 1 1 2.2 + 2.0 other, and a reasonable physical separation 
arr a L. (2.2) (2.0) should be kept between components to mini- 
mize coupling. The size of this filter is 
..L,= 1.05 ph 314" x 214" x2". 

Coil B: 1 1 1 2.0+1.3 It is sometimes helpful to have one section 
SS SS SS in a high-pass filter that can be tuned after 
2.0 1.3 Ls (2.0) (1.3) it has been installed so that adjustment for 
.. Ls, — 0.79 ph maximum rejection of a particular interfer- 
Coil C: 1 1 1 1.3 41.4 ing signal can be made. A three-section filter 
ee having a pair of tunable components for 
13 14 Le (1.3) (1.4) adjusting the maximum rejection point be- 
‘ Lo= 0.67 ph tween 25 and 30 Mc is shown in Fig. 4. This 

0.62 0.62 

14,7 
48.8 48.8 
2.2 3 2.2 
48.8 48.8 
14.7 
0.62 0.62 
fp = 29 Mc fp =27 Mc fp=0 Mc fp=29 Mc 


INDUCTANCE VALUES ARE IN uh 


CAPACITANCE VALUE 


S ARE IN puf 


Fig. 9. The four sections of the shunt-derived filter should be drawn in this manner before the adjacent inductances are 


combined. After the inductances are combined, the circuit is 


identical to that of the filter given in Fig. 3. 
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filter has shunt-derived, m-type sections; its 
circuit is shown in Fig. 10. 

When a tuned section is incorporated in a 
series-derived filter, the tuned resonant circuit 
is located in a shunt arm. 


Series-Derived Filters 


The arithmetic required for calculating 
component values for series-derived filters iS 
similar to that shown in the shunt-derived 
example, the only difference being in the 
calculations needed for combining series 
capacitors. The formula 


1 1 1 
Crotal 


should be used if a minimum number of ca- 
pacitors is to be employed. 

The circuit for the two-section, series- 
derived, high-pass filter, Fig. 2, shows a tap 
at the center of the shunt coil. This tap is 
available for grounding the filter to the TV 
receiver chassis. Improved rejection has been 
obtained in some instances when a very 
short ground lead is run from this tap to 
the chassis. In many other installations, how- 
ever, such a ground connection had no effect 
on the attenuation characteristic of the filter. 


Filters for TV Coax 


Thus far, only filters for balanced lines 
have been discussed. Unbalanced feeders of 
the coax type theoretically should require 
an unbalanced filter, a configuration in 
which all of the series-reactive components 
are placed in the circuit of the center con- 
ductor. In some cases, in particular those in 
which the signal to be rejected is reasonably 
weak, the unbalanced type of filter is ade- 
quate. Sometimes, however, a strong amateur 
signal also produces a standing wave on the 
outside of the TV coax, and the rf field that 


COAX 


INPUT NY 
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is present, in the region where the coax is 
connected to the receiver, couples energy to 
incompletely shielded components of the 
receiver. When this condition occurs, the 
outer conductor of the coax must be consid- 
ered as a second wire, and it must therefore 
also be isolated from the receiver chassis by 
filter components. Such a filter would be a 
normal balanced line configuration, calcu- 
lated for 72 ohms. A sketch of such an instal- 
lation is shown in Fig. 11. 

Where a TV coax shield is not coupling 
energy to the set components, an unbalanced- 
line filter is satisfactory. A small shield-can 
with coax fittings makes a good housing for 
an unbalanced line filter. The unit should be 
fastened to the TV chassis at a point where 
the “front-end” connection can be kept as 
short as possible. 


Converting Balanced to Unbalanced 
Structures 


Designing unbalanced filters from the for- 
mulas given in Figs. 7 and 8 is a simple 
matter. For 72-ohm coax, use 72 ohms for 
the value of “R” in the formulas and deter- 
mine the values of all components, as in a 
balanced filter. The components that are con- 
nected across the transmission line in each 
section remain unchanged; the components 
in series with the transmission lines, how- 
ever, must be lumped and placed in only one 
of the lines. The other line is a common 
ground to all sections of the filter. Frg. 12 
illustrates the conversion as applied to indi- 
vidual filter sections. 

The conversion of a balanced filter to an 
unbalanced filter can also take place after 
the sections of a balanced filter have been 
combined. An example of this method of 
conversion is shown in Fig. 13. The compo- 
nent values given in this figure are practical, 


72 - OHM 
TV COAX 
av RECEIVER 
FRONT END 
Fig. I1. Sketch showing how the inside and outside conductors of a coaxial transmission line are connected to a balanced 


72-ohm, high-pass filter. This arrangement may be found necessary if an unbalanced-line filter is inadequate. 
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and they may be used for the construction of 
a three-section filter for a balanced or an 
unbalanced 72-ohm line. 


Calculation Short-Cuts 


Individual filter sections or completed fil- 
ter designs may be converted, by means of 
a short-cut, to match lines of any given char- 
acteristic resistance. 

The short-cut is possible because the val- 
ues for all of the components in m-type fil- 
ters are proportional to the characteristic 
resistance of the transmission line. All of the 
inductances and capacitances can be trans- 
formed by means of the following relation- 


ships: 
R, R, 
. = mS ( 
R, R, 


where L, and C, are the original values for 
specific components in a filter designed for a 
characteristic resistance R,, and L, and C, 
are the new values for the components of a 
filter for a transmission line with a new 
characteristic resistance, R,. 

The same short-cut formulas can be used 
on low-pass filters, so that existing designs 
can be transformed quickly and easily to 
match lines of any characteristic resistance, 
e.g., a 52-ohm filter can be transformed to a 
72-, 100-, 150-, or 300-ohm design. 


cai 


Checking Calculations 


High-pass filter calculations should be 
checked carefully, section-by-section, so that 
errors can be caught before the filter is actu- 
ally constructed. The checks are based on the 


conventional resonance formula f= 1 /2 a VLC. 
If a Shure reactance slide rule or similar 
device is available, the resonance formula 
won’t be needed, and time can be saved dur- 
ing each checking operation. 

Before sections of a filter are combined on 


96 73 76 
0.53 0.24 0.53 
0.66 
a 57 T 145 ii 57 
96 73 76 


BALANCED FILTER FOR 
72-OHM LINE 


RCA HAM TIPS | 9 


Co Co YaCa YaCe 
Ly Ly 
INTERMEDIATE : 
SECTION —»> 


SERIES-DERIVED 


INTERMEDIATE 
SECTION 
SHUNT —- 
DERIVED 


BALANCED LINE TO UNBALANCED LINE 


Fig. 12. When unbalanced-line (coax) filters for television 
receivers are designed, component values for each section 
are calculated as for balanced-line using the formulas in 
Fig. 7 or Fig. 8. Then, the series-arm components are 
lumped in one arm as shown in this diagram. 

paper, each section should be checked as 
follows: L, and C, in Figs. 7 and 8 should 
be resonant at the peak-attenuation fre- 
quency designated for each section. Fig. 14 
shows these circuits which are resonant at 
the peak-attenuation frequency, and also in- 
dicates combinations of components that 


should resonate at the cutoff frequency. 


Performance of High-Pass Filters | 


The resonant circuits that are used in 
checking the calculations are the circuits in 
the filter that do the job of rejecting un- 
wanted signals. A series-resonant system con- 
nected across the line acts like a short cir- 
cuit at its resonant frequency. A _ parallel- 
resonant system in series with a leg of the 
transmission line acts like an open circuit at 
the resonant frequency. On either side of 
resonance, a certain amount of attenuation is 
produced by the voltage division developed 
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Fig. 13. These two circuits illustrate how a balanced-line filter may be converted to an unbalanced-line filter. Practical 
values are given for each component. The half end sections have peak rejection at 29 Mc and the intermediate sec- 
tions attenuate at 27 Mc and 0 Mc. The cutoff frequency is 36.25 Mc. Each filter is designed to match a 72-ohm line. 


10 RCA HAM TIPS 


by other components in the filter section. 
The theoretical attenuation of each filter sec- 
tion at any given frequency can be calcu- 
lated. Curves representing the attenuation 
characteristics of the individual sections 
listed in Table I are shown in Fig. 15. 

When the attenuation is designated in de- 
cibels, it is easy to determine the combined 
effect of two or more sections of a filter 
because the attenuation values, at a given 
frequency can be added numerically. The 
sum of the values for all sections is the 
attenuation, at the given frequency, of the 
entire filter. The theoretical attenuation 
curves for three specific filters are shown in 
Fig. 16. When the attenuation in a given 
filter is estimated, keep in mind that for 
each 6 db of attenuation the voltage is cut 
in half. For instance, 24-db attenuation of a 
l-volt signal would be equivalent to four 
progressive reductions of 50 per cent (0.5, 
0.25, 0.125, and 0.0625), producing an out- 
put of 0.0625 volt. 

If a particular receiver evidences interfer- 
ence when a l-volt signal is introduced at 
the input to the tuner, some attenuation of 
that signal is required. Perhaps a filter cap- 
able of an attenuation of 24 db is adequate. 
Then, with such a filter, interference rejec- 
tion would be satisfactory unless a 16-volt 
signal happened to be introduced. Sixteen 
volts is 24 db above one volt, so a 48-db 
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filter would be required to provide adequate 
rejection of the stronger signal. 

Sixteen volts may seem like a lot of rf to 
be available on a TV antenna, but voltages 
of this order of magnitude are not unusual 
when an amateur transmitter and a television 
receiver are within 15 or 20 feet of each 
other. As a matter of fact, a number of cases 
have been reported in which a neon bulb 
could be lighted at the TV receiver termi- 
nals when the amateur transmitter was on 
the air. Neon bulbs do not glow unless the 
potential applied is approximately 50 volts 
or higher. 

Because television-antenna transmission 
lines do not match the antenna and the re- 
ceiver at low frequencies, standing waves 
from the amateur signal are present on the 
line. A voltage-maximum point occasionally 
occurs at the receiver terminals, and when 
this condition exists, changing the length of 
the TV feeder may shift the location of the 
voltage maximum and reduce the rf at the 
receiver terminals. Adjustments of this type 
are helpful in minimizing the burden placed 
on a high-pass filter. 


Other Paths for Interfering Signals 

The installation of a booster also changes 
the effective length of a transmission line. 
Furthermore, after a booster has been in- 
stalled, it may be found that there is an 
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Fig. 14. The resonant circuits designated by solid lines are the combinations utilized ¢ i i 
: J ; ] o check the filter design cal - 
tions. Although not actually connected in a filter, lines x-x are shown to complete the resonant circuit when Wis chathad 
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Fig. 15. These curves show the theoretical attenuation for 
individual sections of high-pass filters. The combined effect 
of the two end-sections is given in the 29-Mc curve. The 
other three curves are for intermediate sections. All of 
these sections were designed for a cutoff frequency of 36.25 


increase in interference due to the addition 
of one or more paths along which the ama- 
teur signal can enter the television receiver. 
Preventing an amateur fundamental from 
entering a booster is just as important as pre- 
venting the signal from entering a TV 
receiver, so a high-pass filter at the booster 
input is required. Sometimes a second high- 
pass filter is required between the booster 
and the receiver because the transmission 
line between the two units can pick up a 
strong amateur signal. The power-supply 
cord to the booster may also be involved in 
the transfer of an amateur fundamental to 
the TV receiver. 


Supply-Line Filters 


In some installations, the line cord to the 
TV receiver has been found to be a path 
along which the amateur signal enters the 
receiver. The amateur signal can get into the 
power line either by being fed directly into 
the ac line at the transmitter, if the rf filters 
in the power supply are inadequate, or by 
being picked up by the house wiring at the 
TV receiver location. The house wiring, in- 
cluding BX cable, may be a very effective 
receiving antenna. 

Water, gas, and steam pipes are also cap- 
able of acting like receiving antennas. A 
“ground” wire connected from a TV receiver 
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Mc. There should be no attenuation above that frequency. 


Fig. 16. Theoretical attenuation of several of the filters 
discussed in this article. In actual practice, these filters 
have been effective in rejecting amateur signals, and there 
has been no evidence of attenuation in the TV pass bands. 


to a radiator may couple an amateur signal 
to the exposed components of a TV chassis. 
Direct pick-up by long leads in phonograph- 
radio TV consoles have also been found 
capable of introducing unwanted signals. 

All long leads—line cords, speaker cables, 
etc. are capable of introducing a strong ama- 
teur signal to the vulnerable sections of a 
television receiver. RF chokes, placed in 
series with the leads, help in rejecting the 
undesired signals. A bypass capacitor con- 
nected at the point where the lead enters the 
chassis adds to the effectiveness of the choke 
in eliminating the interfering signal. 


Conclusion 

There are many variables involved in re- 
ducing interference in a television receiver. 
Each installation where interference is en- 
countered may be slightly different from all 
the others. Fortunately, however, high-pass 
filters will solve almost all of the amateur 
interference problems attributable to receiv- 
er difficulties, and intelligent application of 
these devices should reduce to a minimum 
the number of unhappy situations that exist 
in the radio amateur’s neighborhood. 


INTERESTED IN TVI ARTICLES? 
The next issue of HAM TIPS will contain 


a complete bibliography of TVI articles — a 
handy time-saving list. Don’t miss it! 
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